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This  is  the  thirty-second  in  a  series  of  informal  progress  reports  submitted 
in  partial  fulfillment  of  the  contract.  It  consitutes  the  eighth  monthly  report 
on  the  second  one-year  continuation  of  the  original  two-year  program.  The  work 
was  conducted  by  R.  B-  Setterlund  who  was  supervised  by  A.  Rubin. 

I.  OBJECTIVES 

A.  To  study  the  stress-corrosion  characteristics  of  18$  nickel  maraging 
steel  with  respect  to  compositional  variation. 

B.  To  study  the  effect  of  environmental  temperature  on  the  rate  of  stress 
corrosion  cracking  in  three  alloys:  18^  nickel  maraging  steel,  a  low-alloy 
martensitic  steel,  and  a  hot-worked  lie  steel. 

C.  To  study  the  electropotential  cnanges  occurring  ir  l8$-nickel  maraging 
steel  during  stress-corrosion  exposure,  and  the  effect  of  applied  potential. 

II.  WORK  PROGRESS 

A.  COMPOSITION/  Jj  VARIATION 

To  study  the  effect  of  compositional  variation  on  stress-corrosion 
susceptibility  of  18$  nickel  maraging  steel,  four  different  heats  of  material 
were  evaluated.  These  heats,  when  taken  in  conjunction  with  the  heats  previously 
tested  in  earlier  parts  of  the  maraging-steei  program,  represent,  the  compositional 
range  of  commercial  production  for  this  alloy.  Material  was  obtained  from  three 
vendors:  Republic  Steel,  Vanadium  Alloys,  and  Latrobe  Steel. 
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This  is  the  thirty-second  in  a  series  of  informal  progress  reports  submitted 
in  partial  fulfillment  of  the  contract.  It  consitutes  the  eighth  monthly  report 
on  the  second  one-year  continuation  of  the  original  two-year  program.  The  work 
was  conducted  by  R.  B.  Setterlund  who  was  supervised  by  A.  Rubin. 

I.  OBJECTIVES 

A.  To  study  the  stress-corrosion  characteristics  of  18#  nickel  maraging 
steel  with  respect  to  compositional  variation. 

B.  To  study  the  effect  of  environmental  temperature  on  the  rate  of  streso- 
corresion  cracking  in  three  alloy*!  10%  nickel  maraging  steel,  a  low-alloy 
martensitic  steel,  and  a  hot-worked  die  steel. 

C.  To  study  the  electropotential  changes  occurring  ir  l8#-nlckel  maraging 
steel  during  streus-corrosion  exposure,  and  the  effect  of  applied  potential. 

II.  WORK  PROGRESS 

A.  COMPOSITIONAL  VARIATION 

To  study  the  effect  of  compositional  variation  on  stress-corrosion 
susceptibility  of  18%  nickel  maraging  steel,  four  different  heats  of  material 
were  evaluated.  These  heats,  when  taken  in  conjunction  with  the  heats  previously 
tested  in  earlier  parts  of  the  maraging-steel  program,  represent  the  compositional 
range  of  commercial  production  for  this  alloy.  Material  was  obtained  from  three 
vendors:  Republic  Steel,  Vanadium  Alloys,  and  Latrobe  Steel. 
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Table  1  shows  the  composition  of  all  materials  studied.  They  include 
five  heats  of  maraging  steel  from  the  previous  year's  pro  Tam  and  four  heats  from 
the  present  program.  The  titanium  content  for  these  heats  ranged  from  0.23  to 
l.L0$,  with  yield  strengths  from  181.3  to  323*3  psi.  Mechanical  properties  are 
shown  in  Table  2.  In  addition  to  these  materials,  two  alloys  representing  a 
hot-worked  die  steel  and  a  low-alloy  martensitic  steel  were  tested  to  obtain 
comparison  data.  The  test  environments  used  were:  (l)  aerated  distilled  water, 

(2)  aerated  3$  NaCl  solution,  and  a  high-humidity  atmosphere  (lL0°F  water- 
saturated  air).  Beam  specimens  were  stressed  elastically  to  73$  of  the  yield 
strength,  and  U-bend  specimens  were  used  to  evaluate  the  plastic  deformation 
condition. 

Results  indicate  that  the  stress-corrosion  susceptibility  of  18$  nickel 
maraging  steel  increases  with  strength  level,  which  is  largely  determined  by  the 
titanium  content.  Even  the  lowest -strength- level  material  tested  (l8l-ksi  yield) 
showed  some  failures  in  the  U-bend  tests.  It  was  also  found  that  a  3$  salt 
s  lution  was  a  less  severe  medium  than  distilled  water  in  causing  stress-corrosion 
failure. 

The  test  plan  for  Tasks  A  and  B  is  shown  in  Table  3*  The  besting  has 
been  completed  and  results  are  now  being  evaluated  for  inclusion  in  the  final 
report. . 

F.  ENVIRONMENTAL  TEMPERATURE 

The  effect  of  environmental  temperature  on  stress-corrosion  cracking 
of  18$  nickel  maraging  steel  was  determined  using  bent-beam  and  U-bend  specimens 
in  controlled  distil led-water  environments  at  temperatures  of  120  and  l60°F. 
Environmental  temperature  was  found  to  markedly  increase  stress-corrosion  sus¬ 
ceptibility  of  the  maracing  steel,  with  failure  times  decreased  by  one-half  with 
an  l8°F  increase  in  temperature.  The  conventional  high-strength  steels,  tested 
for  comparison,  displayed  greater  susceptibility  at  a  given  strength  level,  but 
showed  virtually  no  increase  in  susceptibility  as  the  temperature  was  raised  from 
(0  to  loO°F.  Th«  final  results  for  all  tests  performed  in  Task  B  shown  in  Table 
will  be  reported  in  detail  in  the  next  report,  which  will  constitute  the  final 
surma  ry  report  . 
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C.  ELECTROPOTENTIAL  CHANGES 

Electropotential  changes  occurring  in  a  material  exposed  to  conditions 
which  induce  stress-corrosion  cracking  are  of  interest  because  they  may  give  some 
indication  of  the  mechanism  of  failure.  Two  experiments  were  conducted  in  this 
regard,  using  a  center-notched,  pre-eracked  tensile  specimen  of  1&$  nickel 
maraging  steel. 

1.  The  effect  of  applied  tensile  stress  on  crack-tip  corrosion 
potential  was  measured.  This  potential  was  found  to  shift  toward  the  anodic  by 
0.0175  mv  for  every  1000  psi  of  net  stress  applied. 

2.  The  effect  of  applied  constant  potential  on  a  U-bend  specimen 
exposed  to  a  3$  salt  solution  was  determined.  It  was  found  that  by  applying  the 
proper  amount  of  cathodic  current,  stress-corrosion  cracking  of  the  sample  could 
be  prevented.  When  the  current  was  increased  over  this  amount,  the  failure  time 
was  the  same  as  with  no  current,  as  illustrated  by  the  following  data: 


Volts  to 

Saturated  Calomel  Cell 

Initial  Current  Density 
(ma/in.2) 

Failure  Time 
(hr) 

-0.95 

-3.6 

2.1 

-0.66 

-2.0 

no  failure,  b 

-0.36 

-0.4 

2.1 

none 

none 

2.3  (av.) 

Complete  results  for  this  task  will  be  s’  '|vn  in  the  final  report 
now  being  prepared. 
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•  •  *o  test  planned . 
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■uch  earlier. 


